A two-step process has been developed for the purification of nicotine from waste tobacco using an aqueous two-phase system and solvent reverse extraction. The partitioning behavior of nicotine was investigated in an isopropyl alcohol/ (NH 4 ) 2 SO 4 aqueous two-phase system. The effects of the addition of salt, pH and temperature on the partitioning behavior of nicotine were studied. The recovery rate of nicotine was 96.1% with a purity of above 99% when optimal conditions were used [(NH 4 ) 2 SO 4 25%, pH 9, temperature 35°C, isopropyl alcohol 5 mL].
Nicotiana tabacum (tobacco) is a cultivated plant of the Solanaceae family which produces materials for use as perfumes, cosmetics and pharmaceuticals. Nicotine is the principal alkaloid, which accounts for approximately 95% of the total alkaloids in tobacco. In China, there is a lot of waste tobacco and the extraction of nicotine from this is a way to increase the value of this otherwise waste material. There has been growing interest in the separation of nicotine by various extraction methods [1a-1f] . Aqueous twophase system (ATPS) been widely used in the separation and purification of biomolecules including natural products [2a-2e] . ATPS is usually composed of two or more polymers, a polymer and a salt, or two surfactants (including quaternary ammonium and anionic surfactants).
In this study, the first goal was to determine the best experimental conditions for nicotine recovery. The effects of pH, temperature, and the addition of salt on the partitioning of nicotine were studied in the aqueous two-phase system. The effect of pH on the recovery ratio of nicotine is shown in Figure 1 . The recovery ratio gradually increases with an increase in pH value. Because nicotine is an organic binary weak acid, there are three states with the pH <3, pH 3-9 and pH ≥ 9.0. Electrostatic interaction is very strong when the pH is less than 3; the nicotine tends to exist in the lower phase. Electrostatic interaction decreases when the pH increases to from pH 3-9 and the nicotine is found mainly in the upper phase. When the pH is more than 9.0, nearly all the nicotine is found in the upper phase. Therefore, the pH of the system must be maintained above 9.0 when nicotine is extracted using a different solvent.
Salts, such as (NH 4 ) 2 SO 4 , Na 2 HPO 4 and Na 2 CO 3, have been investigated as components of the ATPS. Figure 2 shows the effect of (NH 4 ) 2 SO 4 on the recovery ratio of nicotine. The recovery ratio increased with increases in the content of (NH 4 ) 2 SO 4 from 15%-30%; however, when the content of salt was less than 15% in the aqueous two-phase system, Figure 2 : Effect of (NH 4 ) 2 SO 4 on recovery ratio of nicotine the recovery ratio was very low, but if the content of salt was more than 30%, the salt may be insoluble. So the optimum content of salt is 25%.
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Nicotine is very soluble in water under 60°C. The effect of temperature on the recovery of nicotine was investigated in the range from 20°C to 70°C. The results show that the recovery ratio was not much changed with temperature increase.
Several solvents, such as ethyl acetate, chloroform, dichloromethane, diethyl ether, cyclohexane and light petroleum, were chosen as reverse extraction solvents A purity of >99% was obtained by using ethyl acetate, chloroform or dichloromethane as a reverse extraction solvent. However, only a purity of 62.3% was obtained with diethyl ether and nicotine was not extracted using cyclohexane and light petroleum.
Experimental
Waste tobacco was collected in Cili County, Hunan Province, China. Flue-cured tobacco leaves were dried at 60°C for 4 h, ground and passed through a 40-mesh sieve. Ground leaf powder (100 g) was extracted by refluxing for 2 h with 300 mL ethanol, including a little NaOH, in a water bath at 60°C, and then filtered. The residue was re-extracted and the extracts combined and concentrated in a rotary vacuum evaporator at 40°C to give crude nicotine.
Partition behavior of nicotine in ATPS system: The aqueous two-phase systems were prepared from stock isopropyl alcohol and salt, followed by nicotine solution in a 20 mL graduated tubes. The (NH 4 ) 2 SO 4 was added according to a predetermined final composition; 8 mL isopropyl alcohol was used and the final volume was adjusted to 20 mL by adding the water solution. After mixing, the tubes were heated to the separation temperature and separated by gravity. The upper and lower phase volumes were recorded. The recovery yield (Y) was the ratio (%) between nicotine mass in the upper phase and in the total system; Y values represent at least the average of three measurements.
Preparation of nicotine by ATPS/reverse extraction:
The 100 mL aqueous two-phase system was prepared from stock isopropyl alcohol, salt and crude nicotine under the optimal separation conditions. After phase separation, samples were removed carefully from the upper and lower phases, separately; the upper phase, which had been previously shown to concentrate nicotine, was recovered in a rotary vacuum evaporator at 40°C, and further purified by the solvent reverse extraction method. After the organic phase was removed, the recovered solvent and the residue were dissolved in the 25 mL vessel, and the content of sample was determined using a UV-722B spectrophotometer (Shanghai).
